Cytotoxic effect of glutamate and its agonists on mouse hippocampal neurons.
The neurodegenerative action of the excitatory amino acid neurotransmitter (glutamate) and its exogenous (N-methyl-D-aspartate, kainate) or endogenous (quinolinate) analogues were studied on cultures of dissociated nerve cells from the embryonal mouse hippocampus. The exposure of primary cultures for 3-6 h to these excitotoxins showed that neurons were vulnerable to both glutamate and all tested agonists which induced the swelling and vacuolization of neuronal bodies accompanied by degeneration of their dendrites. This process terminated by complete cell destruction. The neurotoxic effect of glutamate (1 mM) was not suppressed by a competitive NMDA receptor antagonist (D, L-2-amino-5-phosphonovalerate, 0.3 mM) and was only slightly prevented by gamma-D-glutamylglycine (3mM). The protective action of the latter was more evident in the presence of lower glutamate concentration (0.5 mM). The excitotoxic effect of N-methyl-D-aspartate (0.1 mM) or quinolinate (0.5mM) was almost completely blocked by both antagonists. In contrast, D, L-2-amino-5-phosphonovalerate failed to protect hippocampal neurons from damage induced by kainate while partial antagonism of kainate neurotoxicity was observed with gamma-D-glutamylglycine. These finding suggest that glutamate neurotoxicity may be derived, mainly, from the non-NMDA type(s) of glutamate receptor present on hippocampal cell membranes with a low effectiveness to suppress this effect by selective competitive NMDA antagonist. Possible involvement of glutamate receptor(s) in the early dendritic outgrowth of hippocampal neurons and in the process of neuronal "cell death" is discussed.